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  24 1. For each of the following statements, indicate whether it is true or
         false, and briefly justify your answer.
         (a) For a given problem, there is always one best algorithm that
         should always be used to solve the problem (independent of the data
         set) .
         (b) If the vertices of a graph are numbered in the order that they are
         reached during a breadth-first search, with respect to the breadth-
         first search tree, each node has a child with the number of the child
         one larger than the number of the node.
         (c) Bounding functions for backtrack algorithms to not reduce the
         upper bound on the time complexity of the backtrack algorithm and
         hence are rarely useful.
         (d) When constructing a potential function for a branch-and-bound
         algorithm, it is important that it underestimate the value of the
         objective function in a maximization problem.
         (e) If G1 and G2 are regular grammars, L(G) is the language that is
         derivable from grammar G, then L(G1) union L(G2) is a regular language.
         (f) If Church's Thesis is valid, that implies there is a Turing Machine
         to solve the Halting problem.
         (g) If a problem is known to be NP-complete, then there is no point
         in trying to develop a polynomial algorithm to solve it.
         (h) If problem P1 is polynomially reducible to problem P2, then a
         polynomial algorithm for P2 implies a polynomial algorithm for P1.
         
         
         
  5 2. For the following regular expression, give the language that is
         described by the expression
                                 1 ( (1 U 0)(00 U 01) U 1 ).

         
   15 3. Let S={a,b}. Consider the set of all strings in S* that contain "ba"
         and where the total number of a's is a multiple of 3. Give a
         deterministic finite automaton to accept the set.
         
   15 4. Give a deterministic pushdown automaton to accept sentences that
         can be generated via the following grammar.
                 P ->  T #                This would be <P, ::= <T> # in BNF notation
                 T -> S
                 T -> TS
                 S ->  a = b
                 S ->  wTe
                where the start (goal) symbol of the grammar is P, the terminal
                symbols are #, a, =, b, w and e, and the nonterminal symbols are P, T
                and S. Recall that a deterministic PDA should be designed so that
                only one transition can meet the qualifications to be applied at any
                point. Also in a deterministic PDA it is not necessary to have a
                transition out of every state for every possible situation (if a
                situation arises for which there is no transition, the machine simply
                halts). It might be useful to do a nondeterministic machine first
                (which will be worth partial marks if you don't get a correct
                deterministic machine designed).
         
         
              5.The purpose of this question is to outline an algorithm in Pascal-
                like notation to read in the description of a deterministic finite
                state machine and then simulate its execution on an input string
                read from a file.
         6      (a) Describe in detail how you would store the description of the
                machine, i.e., what data structures would you use to store each part
                of the machine?
         12     (b) Assuming that the machine description has already been read into
                your data structures, give a fairly detailed outline of an algorithm
                that reads characters one-by-one and simulates the execution of the
                finite state machine. Assume that eof is set to true when the last
                character is read. The algorithm should print 'accept' or'reject' at
                the end to indicate the result of the execution of the machine.
         4      (c) What is the time requirements for the whole algorithm that
                reads in the machine description and simulates its execution?

         
          6. Consider the problem of finding a longest path in an undirected
             graph. For your information, this problem is known to be NP-Hard.
             As usual, no vertex can appear more than once in the path and the
             length of a path is the number of edges in the path. For example, in
             the graph given below, the longest path is a,f,b,e,c,d.
             
             (omitted due to scan limitations)
             
             
             
      3 (a) Describe a state-space search tree that could be used to solve
         this problem.
      20 (b) Give an algorithm to solve the original problem, i.e., it finds a
         longest path in an undirected.
      3 (c) Give an upper bound on the time requirements of your algorithm
         in part (b). Make the upper bound as tight as you can without a lot of
         wo rk.
      5 (~l) This problem is not a decision problem. State a decision problem
         that is closely related to this problem for which there is
         nondeterministic polynomial algorithm.
         
         
         15 7. For L a subset of S, let
         
                   Contains(L) = { xyz I y is in L, x and z are in S* }
             Prove that if L is accepted by some finite automaton, then
             Contains(L) is accepted by some finite automaton.
  

         
          8. Suppose you are given n points on a flat surface, and the objective is
             to find the pair of points that are closest to each other. Assume
             that each point is represented by its x-coordinate and its y-
             coordinate, (xj,yj). Therefore the distance from (xj,yj) to (xj,yj) is
             given by
             
             
                          sqrt(( sqr(xi -xj) + sqr(yi - yj))
         
             Assume the xi and yj values are real, and you may assume that the
             values are all distinct. Finally assume when input, the points are
             sorted into increasing order by their y-coordinate.
             The purpose of this question is to consider solving this problem
             using the divide-and-conquer approach.
             
             The first step in a divide-and-conquer algorithm is to divide the
             problem.
       5 (a) Outline as efficient an algorithm as possible to divide the
         problem into 2 problems of equal size (within 1) such that every
         point in one set is to the left of every point in the other set.
         
             The second step in a Divide-and-Conquer algorithm is to use
             recursion solve each subproblem. Suppose that this has been done,
             and closest pair in the left set are distance DL apart, and closest
             pair in the right set are distance DR apart.
      6 (b) What pairs of points are not considered when each of the
         subproblems are solved? Of all such pairs, which ones must still be
         analyzed in order to solve the original problem (try to restrict this
         set as much as possible)?
      12 (c) Of the pairs in part (b) that must still be analyzed, outline an
         efficient algorithm to find such pairs and to determine the closest
         pair.
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      Total 1 50
            